Recently, complaints about low frequency noise are increasing in Japan. In Inter-Noise '99, Ochiai has reported the following three kinds of evaluation methods for effects caused by infra and low frequency noise.
INTRODUCTION
In recent years infrasonic and low frequency (ILF) noise problems have attracted a lot of attention, with increasing numbers of complaints. More than half of these complaints are in regard to noise or vibration, most of which is recognized by rattling of structures. The sound pressure level which makes windows or doors rattle has different characteristic frequencies from the sound pressure level which a human senses as ILF noise. Based on this, Ochiai and his study group have proposed an evaluation method for ILF noise in "Inter-noise 99" (1) . An instrument to measure ILF noise has recently been developed by us, based on that idea. In this paper, the features of the meter and examples of ILF noise measured in the field will be presented.
Evaluation method of ILF noise
The proposed evaluation method 1) of ILF noise is as follows:
The range of frequencies of ILF noise is defined as 1-80 Hz at the central frequencies of 1/3 octave bands.
The influence caused by ILF noise should be evaluated on the three following aspects; (1) The rattling of doors or windows in a house caused by ILF noise. The evaluation levels of each item above should be as follows: (1) 1/3 octave band sound pressure level (5-50Hz) (2) 1/3 octave band sound pressure level (5-80 Hz) (3) G weighted sound pressure level
INFRASOUND LEVER METER (ISLM)
The ISLM is capable of evaluating G-weighted sound pressure levels provided by ISO Standards and 1/3 octave real-time analysis simultaneously. Figure 2 shows a distribution of G-weighted sound pressure levels in living spaces. The measured sound pressure levels on average are 70-79 dB (G) in cities, and 76 dB(G) inside a house. These values are approximately 15-30 dB smaller than the threshold which could bother a human, for which the value is 95 to 100 dB(G). For sites near a source of ILF noise, a highway bridge, a commuter train railroad neighbourhood, an airport neighbourhood, and a port area were picked for the survey. Examples of frequency characteristics of ILF noise measured in the living environment. Figure 3 shows an example of the spectrum of ILF noise observed where discomfort was felt. Comparing the spectrum of ILF noise to the result of laboratory experiments (broken line) in regard to oppressive or vibratory sensation (2), it was found that the sound pressure levels measured in the field are higher than the results of laboratory experiments. For example, the frequency level inside a bus in motion is higher in the range 12.5 Hz -80 Hz, and higher at 25 Hz, 40 Hz, and 63 Hz in the case of the passenger side of the cruise ship in its berth. Figure 4 shows an example of the spectrum of ILF noise generated from a house boiler. In this house the boiler is installed inside the building, and doors and windows rattle when the shower is in use in a bathroom. Considering the rattling threshold, which has already been proved by experiment in a laboratory, it was confirmed that some ranges of the IFL noise exceeded the rattling threshold.
Frequency characteristics of ILF noise at the sites where complaints have been made. In 1995 the Environment Agency carried out a survey in regard to ILF noise on each municipality using the same survey format (4) . Figures 5 and 6 show examples of spectra of ILF noise at the sites where complaints have been made. Figure 5 identifies a complaint sensed psychologically caused by ILF noise generated by a vibrating screen. In this case a standing wave of 31.5 Hz was observed inside the house. Comparing the spectrum of ILF noise to the threshold in regard to the oppressive or vibratory sensation (broken line) (2), the actual figures are larger than the tested figures. The spectrum after countermeasures were taken are also shown, which proves that the countermeasures successfully lowered the spectrum of ILF noise to the level of the tested figures in regard to the oppressive or vibratory sensation, and the complaints stopped. In the case of Figure 6 , a dust chamber makes doors and windows rattle. In this case excessive level of ILF noise is observed in the 8Hz band, which exceeds the threshold of rattling (broken line).
CONCLUSIONS
This report describes the specifications of a production sound level meter based on the evaluation method of ILF noise which was proposed in Japan recently, and introduces actual data of ILF noise measured in the field. It could be concluded that this Infrasound Level Meter would be a useful tool to analyze ILF noise and to clarify influences on humans or structures such as doors and windows. Several reviews have reported from various countries in regard to measurement and evaluation of ILF noise using G-weighted sound pressure level or 1/3 octave band level. This Infrasound Level Meter has the capacity to measure and evaluate the level of ILF noise. 
